This paper discusses possible mechanisms for the selective effect of weakly ionized nonequilibrium plasma and currents in electrolyte on healthy and cancerous cells in physiological saline in a Petri dish. The interaction with the plasma source leads to a change in osmotic pressure, which affects the electromechanical properties of cell membranes in healthy and cancerous cells in different ways. The currents arising in the electrolyte charge the membranes of healthy and cancerous cells to a different potential difference due to the different values of the membranes' dielectric constant. We hypothesized that the dielectric permeability of cancer cell membranes is lower than that of healthy cells, as is the capacity of a unit of the membrane surface, and therefore, the additional potential difference acquired by the membrane through charging with currents induced in the intercellular electrolyte is greater in cancer cells. This can lead to electroporation of cancer cell membranes, resulting in their apoptosis, but does not affect healthy cells.
A number of experimental studies have convincingly shown that the action of weakly ionized nonequilibrium plasma on a physiological solution can selectively affect the cells present in that solution [1] [2] [3] [4] [5] [6] [7] [8] [9] . Special attention should be paid to works in which the selective stimulation of apoptosis in cancer cells was observed [4] [5] [6] [7] [8] [9] .
In [10] , we described the importance of accounting for osmotic pressure when analyzing the physiological effects on cellular structures in plasma medicine. The interaction of a weakly ionized plasma jet with a saline solution leads to detectable changes in the saline's ion-molecular composition and, hence, changes in the osmotic pressure drop across the cell membranes. In turn, changes in osmotic pressure lead to water flow through the membrane and, correspondingly, to cell compression. Estimations of the compression coefficient for the membranes of some types of cells are presented in [16] .
It was shown in [10] that the interaction of weakly ionized plasma with saline leads to the diffusive flow of hydrated ions from the interface to the cell structures, thus changing the ionic composition of the saline electrolyte and, therefore, the osmotic pressure drop across the cell membranes ( Fig. 1(A) ) [6] .
It is quite obvious that membrane compression could change the membrane's porosity and, correspondingly, its dielectric permissibility due to the density change of the water molecule in it and the ion and protein transport through it. However, if the plasma interacting with the electrolyte has a potential different from that of the floating equilibrium in the electrolyte, then ion currents are induced in the electrolyte. Currents can be excited without plasma when electrodes are immersed in the electrolyte, to which a potential difference is applied ( Fig. 1(B) ) [11] [12] [13] [14] [15] . These ion currents can lead to an additional charge of cell membranes, thus changing the transmembrane potential difference. It is also possible that the combined effect of changes in the ionic composition resulting from the interaction of the plasma with the solution and from the currents induced in the Petri dish ( Fig. 1(C) ) is due to the fact that the region of the interaction of the electrolyte with the plasma, in general, has a potential different from the floating potential in the electrolyte. Membrane properties in cancer and healthy cells can vary greatly. Therefore, the module of the all-round compression and shear modulus for hepatocellular carcinoma cells (HCCs) in the measurements [16] [17] showed that the transmembrane resting potentials in rat hepatocytes and hepatoma cells are -37.1 and -19.8 mV, respectively, and in mouse corneal fibroblast and fibrosarcoma cells, the corresponding resting potentials are -42.5 and -14.3 mV. In other words, the resting potential in cancer cells is two times less than in healthy ones, indicating a difference in the transport properties of the membranes of healthy and cancerous cells. Therefore, even a small effect on the mechanical properties of the membranes or on the transmembrane potential difference can have a significant effect on the transport into and out of the healthy and cancer cells.
The currents arising in the electrolyte charge the membranes of healthy and cancerous cells to a different potential difference due to the different values of the membranes' dielectric constant. One of the paper's hypotheses is that the dielectric permeability of cancer cell membranes is lower than that of healthy cells, as is the capacity of a unit of membrane surface, and, therefore, the additional potential difference acquired by the membrane through charging with currents induced in the intercellular electrolyte is greater in cancer cells. This can lead to electroporation of cancer cell membranes, resulting in their apoptosis, and does not affect healthy cells.
In this brief paper, we would like to bring the scientific community's attention to the fact that change in the cell membrane surface charge due to the currents in electrolyte may be responsible for selective action on healthy and cancer cells due to, as mentioned above, the difference in the mechanical-electrical properties of cell membranes and the different responses to the change in the membrane charge. In the electrolyte, currents can be produced by an electrode immersed in a Petri dish or by plasma jet (Fig.1) . It should be noted that, in the case of a plasma jet and electrodes ( Fig. 1(C) ), the membrane charging will be accompanied by a change in osmotic pressure, which enhances the effect on the cells.
The application of electric fields to biological cells in a conducting medium leads to an accumulation charge on the outer surface of the membrane and, consequently, to a change in voltage across the membrane. Small changes in the potential on the membrane (~10-100 mV) of short duration in the order of milliseconds lead to a disruption of the voltage-dependent channels and, accordingly, to a change in the ion transport through the membrane without destroying the integrity of the membrane [11] [12] [13] .
With higher electric fields related to a correspondingly higher voltage across the cell membrane, electroporation occurs. Thus, the permeability of the membrane increases to such a level that either the cell needs from seconds to hours to recover (reversible breakdown) or cell death occurs (irreversible breakdown) [11] [12] [13] [14] [15] . In [11] [12] [13] , it was experimentally shown that the critical field strength for the lysing of bacteria (prokaryotic cells) is around 0.1-1 V across the cell membrane, depending on exposure time. In [15] , experimental results were given for the influence of electric fields of varying intensity and duration on cancer cells at different values for the medium's conductivity [15] . It was shown that, as the medium's salinity (conductivity) increases, the electric field at which cell death occurs begins to fall.
For simplicity, we will assume that the cells are spherical. Consider a cell of radius a immersed in an electrolyte in which a current is maintained by an external source of electromotive force. The continuity equation for the currents flowing in the extracellular electrolyte is
where , , and are distributions of potential, currents, and electric field and is the electrolyte conductivity.
In (1) we used Ohm's law , and the relation .
Assuming that the membrane is impermeable to ion currents, as a result of charging the membrane, the stationary radial electric field must be zero:
At infinity
The solutions for (1) with boundary conditions (2, 3) are
and, at , cos cos .
From (5), it follows that in (6) is different at 0 and . Accordingly, the additional potential differences induced by currents on the membrane are as follows:
and , at .
Since the potential difference across the membrane in cancer cells is twice as large as that of healthy cells [17] , a potential change of ~100 mV can cause irreversible breakdown of the membrane of cancer cells like hepatoma and fibrosarcoma cells but can be safe for healthy cells like hepatoma and fibroblast cells.
Let us find the value at which the additional change of the potential difference on the membrane due to being charged by currents in the electrolyte is ~100 mV. Therefore, for example, for 11 μm, corresponding to the size of the hepatocytes of SH-R3s [18] and = 1 S/m [19] , we obtain | | 6 • 10 A/m .
Then, let us estimate the charging time of the surface of the sphere to the potential (6). Obviously, this time is determined by the time required to charge the spherical capacitor to the potentials from (6a) and (6b). For simplicity, we shall assume that a thin-walled dielectric sphere does not perturb the electric field near its surface. In this case, the radial current charging the spherical capacitor is .
In this case, the estimate of the transition time (characteristic charging time of the capacitor) is
In (9), we substituted 10 F/m [19, 20] , 10 μm, and 1 S/m [19] . If the change of fields in the electrolyte surrounding the cell lasts more than a few tenths of a microsecond, the induced potential on the membrane can be considered quasi-permanent, as defined by (5) . If the current "at infinity" changes its direction for a time much shorter than the membrane charging time (9) , the change in the membrane potential caused by its additional charging does not affect the operation of the voltagedependent channels and, accordingly, the cell activity [13] . Note that we have neglected Joule heating. This is a fully justified assumption since an elementary estimate shows that heating of saline with conductivity 1 S/m up to ∆ 1 K by the current density (7) takes more than 0.1 second. This time is much longer than all the characteristic times of the problem under consideration, even if the heat conduction losses are neglected.
It is known that, when a nonequilibrium plasma jet [21] or other types of weakly ionized plasma, for example, a dielectric barrier discharge plasma [1, 22] , interacts with a physiological solution, long-lived solvated (hydrated) ions are formed in the interface. It was shown in [10] that the diffusion of these ions into the depth of the Petri dish, where the studied cell cultures are located, leads to an increase in the density of hydrated ions near the cells and, accordingly, to a change in the osmotic pressure since the membrane is permeable to water but impermeable to hydrated ions. As a result, it is most likely that a change in the concentration of hydrated ions in the intercellular medium makes the solution a hypertonic solution, which leads to the release of excess water from the cell and cell compression [10] .
However, a change in the density of ions in the solution also leads to an increase in the conductivity of the medium and to an increase in the charging current of the membrane. The process of charging the membrane depends on the type of plasma source interacting with the boundary of saline and feeding hydrated ions into the solution. In the case of a Dielectric Barrier Discharge (DBD) plasma source with nanosecond repetitive pulses [22] , the amount of time the change of the electric field lasts is much less than the charging time of the membrane (9) , and the induced currents obviously cannot noticeably affect the charge on the membrane. However, with continuous plasma exposure of a microsecond or longer, charging cell membranes with currents induced in the electrolyte, together with altered osmotic pressure, should certainly affect the mechanical properties of the membranes and the transmembrane transport through ion and other channels.
The dielectric constant of the real phospholipid membrane in the cell, estimated by the experimental value of the capacitance of the membrane, is of the order of ~7 10 [19, 20] , while in the ideal phospholipid membrane, the relative dielectric permittivity is ~2 3 [23] . The difference is two-to threefold, apparently due to the presence of water molecules in the pores and defects of the real cell membrane. Since the compression of the membrane can result in its dehydration, the change in osmotic pressure can lead to a change in the electrical properties of the membrane (i.e., an additional potential difference acquired when charging the membrane) up to a loss of dielectric strength (electroporation). Furthermore, if the electrical and mechanical properties of cell membranes in healthy and cancer cells are different, then the induced currents in saline and the osmotic pressure changes cause different physiological consequences, resulting in the selectivity of the plasma effects on cell structures observed in the experiments.
As we saw above with examples of hepatocellular carcinoma (HCC) and hepatocyte cells, the module of the all-round compression of cancer cells significantly exceeds the module of the all-round compression of the healthy cells [16] . Therefore it should be expected that, with the same change in osmotic pressure, the compression of the cancer cells and hence, the displacement of water from it, are less significant than in healthy cells. This means that the change in volume of a cancer cell caused by an additional osmotic pressure differential is less than a change in the volume of healthy cells. Thus, after the interaction of plasma with saline, the final osmotic pressure drop on the cancer cells membranes is significantly greater than on the membranes of healthy cells. This leads to a greater displacement of water from the membrane of cancer cells than from healthy cells. As a result, the dielectric constant and the specific capacity of cancer cell membranes become significantly smaller than those of healthy cell membranes. Thus, with the same current and exposure time, the membranes of cancer cells are charged to a significantly higher potential difference, leading to a more likely electroporation. This may cause apoptosis in cancer cell, but not in healthy cell membranes. This may explain the selectivity of apoptosis of cell cultures in a Petri dish when interacting with plasma.
Measuring the dielectric permittivity of the membranes of healthy and cancerous cells is very important for answering the question about the possible mechanism of the selective effect of weakly ionized plasma and the currents it causes on the cell structures in a physiological solution.
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